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Jets in HI collisions

e New results from ATLAS are improvements over
previous measurements:

= More precise measurements with better control
over the background subtraction and systematics

= Unfolding for detector effects allow direct
comparisons to theoretical models of jet quenching

=) Better statistics allow for differential studies of jet
kinematics that look at flavor and path dependence
of energy loss, what happens at high pr, etc.

=) boson+jet systems probe the flavor dependence
and absolute energy loss

=) Xe+Xe collisions look at density and path
dependence of energy loss



Measuring jets

e Measuring jet quenching includes:

= Inclusive energy loss through
the suppression of hard
scattering rates of single jets




Measuring jets

e Measuring jet quenching includes:

= Inclusive energy loss through
the suppression of hard
scattering rates of single jets

=) Differential energy loss
through jet correlations

Energy loss depends on path
length and on flavor with
gluons experiencing more
quenching than quarks




Measuring jets

e Measuring jet quenching includes:

= Inclusive energy loss through
the suppression of hard
scattering rates of single jets

=) Differential energy loss
through jet correlations

Energy loss depends on path

Ielngth and on fla\_/or with Momentum broadening
giuons experiencing more from soft gluon radiation

quenching than quarks in-medium interactions
=) Jet structure modification
by measuring charged
particles in jets and jet
mass

Medium response to the
jet adds soft particles
along jet direction



Measuring jets

= Inclusive energy loss through
the suppression of hard
scattering rates of single jets
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Jet suppression

e Jet quenching in Pb+Pb are implies suppression of jet
vields at a fixed pr compared to pp collisions.

=) Compare number
of jets in Pb+Pb to
pp using the Raa
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e Jet quenching in Pb+Pb are implies suppression of jet
vields at a fixed pr compared to pp collisions.
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Jet quenching in Pb+Pb are implies suppression of jet

vields at a fixed pr compared to pp collisions.
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Raa: prdependence
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Raa: prdependence
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Raa: prdependence

e Raais <1 for

all centralities.

e Raa Is lower
In central
(~0.5) than
peripheral
(~0.9).

* Raan shows
suppression
up to a TeV!

arXiv:1805.05635

< Al 1 ' ' e v
e | ATLAS  anti-k, R=0.4 jets, \s, = 5.02 TeV
T N III -
Lipa + |
¢
] Q) =™ L —
g ©) gl =
+ * KA : \
s Qo
Kige | ! + f
[¢] =
e o i o -
lyl <2.8 70-10%
2015 data: Pb+Pb 0.49 nb™, pp 25 pb? [ 4218 : gng
| lIIII I(TAAI) almld Iuminosityluncer.l * 60 '.7Q°/; |
40 60 100 200 300 500 900
p_[GeV]

12


https://arxiv.org/abs/1805.05635

Raa: prdependence
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RaA: pTdependence

e Ran is <1 for Q: ATLAS anti-K, R = 0. 4jetS IyI <21
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RHaa: rapidity dependence

Spectra is steeper with increasing rapidity at

for

the same amount of energy loss and since Raa ~ red/blue.
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Spectra is steeper with increasing rapidity at

RHaa: rapidity dependence

for

the same amount of energy loss and since Raa ~ red/blue.
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Quark and gluon fraction changes
with rapidity and pr with more
quarks at forward rapidity which
should be quenched less.

=) higher Raa

> Competing effects: which one wins or do they cancel? |,



Raa: rapidity
dependence

e Ratio of the Raa vs. y to
the Raa forlyl < 0.3 In
different pr ranges

> Large cancelation of
systematics in ratio

arXiv:1805.05635
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Raa: rapidity
dependence

e Ratio of the Raa vs. y to
the Raa forlyl < 0.3 In
different pr ranges

> Large cancelation of
systematics in ratio

* Raa is flat with
rapidity at low pr
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Raa: rapidity
dependence

e Ratio of the Raa vs. y to
the Raa forlyl < 0.3 In
different pr ranges

> Large cancelation of
systematics in ratio

* Raa is flat with
rapidity at low pr

* Ran decreases with
rapidity at higher pr
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R, A(Iy1)/R,A(ly1<0.3)
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=) Differential energy loss
through jet correlations
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Dijet asymmetry .

e Dijets In pp collisions are
approximately balanced in energy

p+p
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* In Pb+Pb the two jets lose
different amounts of energy

Dijet asymmetry .
e Dijets in pp collisions are q .
approximately balanced in energy
v

because they travel different D+p
paths in the plasma or jet-by-jet q %% q
fluctuations in the energy loss N
=) Use ratio of the lower jet j?%:
pr (sub-leading jet) to the P
higher jet pr (leading jet) -~

e Compare A+A to pp dijets X, — PTo  a+a
where we expect the x, ~1 J T 1
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* |In Pb+Pb the two jets lose
different amounts of energy
because they travel different p+p

paths in the plasma or jet-by-jet q
fluctuations in the energy loss
PT

Dijet asymmetry .
e Dijets in pp collisions are q .
approximately balanced in energy
v

=) Use ratio of the lower jet
pr (sub-leading jet) to the
higher jet pr (leading jet)

e Compare A+A to pp dijets X, —
where we expect the x; ~1 J T

> Unfolded using 2D Bayesian unfolding in pr1 and pr2.
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2011 Pb+Pb
2013 pp

Xy distribution

More asymmetry jets in
central Pb+Pb than in pp

Becomes like pp in peripheral
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Y-jet asymmetry

e y+jet used to look at energy
loss of the recoiling jet since
photons aren’t expected to
interact strongly with the
medium

= The initial production
distributions are different

= More likely to originate from
quark jets than inclusive/
dijets so it’s a probe of the
flavor dependence

e Measured xyy for pry> 60 GeV, prjet> 30 GeV, Ad > 71/8

> Unfolded using 2D Bayesian unfolding in prjet and pr,y
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Y-jet asymmetry: centrality

o central Pb+Pb peaks x4y ~ 0.5 compared to pp at xyy ~ 1
e Pb+Pb becomes similar to pp in peripheral collisions
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(1/N,)(dN/dx ) °
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(1/N,)(dN/dx,, )

Y-jet asymmetry: prdep.

central Pb+Pb peaks x4y ~ 0.5 compared to pp at xyy ~ 1

Pb+Pb becomes similar to pp in peripheral collisions
Slight pry dependence observed Pr o
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central Pb+Pb peaks x4y ~ 0.5 compared to pp at xyy ~ 1

Y-jet asymmetry: prdep.

Pb+Pb becomes similar to pp in peripheral collisions
Slight pry dependence observed
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Y-jet asymm

e Direct comparison
of unfolded result
to theory in pp and
central Pb+Pb
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=) Jet structure modification
by measuring charged
particles in jets and jet
mass
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Jet fragmentation functions , ., .

D(z) = 55
e Measures how charged 1 dN., et dZ
C
prcos AR

particles are distributed D(p;) = NG S
within a jet by looking at o GPr N i
number of charged

particles in jets (Ncn)

4 Jet axis




Jet fragmentation functions , ., .

D(z) = 55
e Measures how charged 1 dN., et dZ
C
prcos AR

particles are distributed D(p;) =
within a jet by looking at
number of charged

particles in jets (Nch)

B z measures the fraction A Jet axis
of the track momentum

4 in the jet momentum , :
—

low z, low high z, high
, track pr track pr

I\Iiet de £ = jet

T




Jet fragmentation functions , ., .

e Measures how charged

particles are distributed D(p;) =

within a jet by looking at
number of charged
particles in jets (Nch)

B z measures the fraction
of the track momentum

4 in the jet momentum ,
—

low z, low high z, high
, track pr track pr

e R=0.4 jets with charged
tracks > 1 GeV

D(z
(2) = N, dz
1 chh
prcos AR
I\Iiet de £ = jet
T
4 Jet axis
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e Measures how charged Ne dz
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=) z measures the fraction p Jetaxis

of the track momentum

4 in the jet momentum ,
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low z, low high z, high
, track pr track pr

e R=0.4 jets with charged
tracks > 1 GeV

=) r measures the shape of the jet
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Internal structure pr dep.
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Internal structure pr dep.
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e Less enhancement for
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= Described by model
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o Jet pTdependence shows more
low prtracks at high pr

=) response of medium to jets?
e Model describes jet pr

dependence at high track pr
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Internal structure: rapidity dep.

e Ratio of Rp(z) at fixed lyl intervals to lyl < 0.3
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Internal structure: rapidity dep.

e Ratio of Rp(z) at fixed lyl intervals to lyl < 0.3
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e Slight hint of enhancement decrease with lyl at high z
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Internal structure:
photon tagged

* FF in y-tagged jets compared

to inclusive jets
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Internal structure:
photon tagged

e FF in y-tagged jets compared
to inclusive jets

o y-tagged jets have stronger
modification in central

= This could be do to
different jet pr selections in
the two analyses

= Inclusive FF is also
preferentially selecting jets
that have lost less energy

o Better agreement in 30-40%
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Radlal profile

D(pr,r) = 1 1 LMl

Njet 21r drdpr

e FF as a function of the
radius to measure the
jet shape in and out of
the jet cone In pp
compared to central
and peripheral Pb+Pb

e See a difference in
central Pb+Pb and pp

e Take ratio of D(pr, 1)
in Pb+Pb and pp to
evaluate difference
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Radlal profile

D(pr,r) = L (D)

Njet 2rr drdpr

e FF as a function of the
radius to measure the
jet shape in and out of
the jet cone In pp
compared to central
and peripheral Pb+Pb

e See a difference in
central Pb+Pb and pp

e Take ratio of D(pr, r)
in Pb+Pb and pp to

evaluate difference
» Unfolded for position

resolution
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Internal structure: radial dep.
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Internal structure: radial dep.

ATLAS-CONF-2018-010

e Less modification with
decreasing radius
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e More soft particles outside

the jet cone
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Internal structure: radial dep.

ATLAS-CONF-2018-010

e Less modification with
decreasing radius
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e More soft particles outside

the jet cone
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and less intermediate pr
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Internal structure radial dep.

ATLAS-CONF-2018-010

e Less modification with

decreasing radius

e More soft particles outside

the jet cone

¢ Central has more soft
and less intermediate pr

particles

» Consistent with picture of jet
broadening in the medium
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Internal structure: radial dep.

e Jet prdependence of the jet shape modification

=
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e More soft
particles at 1.5
high jet pr

e No significant 1
dependence

on jet prat 0.5

intermediate pr

» Consistent with

ATLAS-CONF-2018-010
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ATLAS-CONF-2018-014 m= [(» Ej)*—( ﬁ)z)
commns Jot mass” |

e Jet mass is reconstructed from summing the energy
and pr of calorimeter towers inside of jets

= Vider jets=higher mass, narrower=lower mass
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ATLAS-CONF-2018-014

Jet mass™ '

S E2 =P

ied icJ

e Jet mass is reconstructed from summing the energy
and pr of calorimeter towers inside of jets

= Wider jets=higher mass, narrower=lower mass
e Ratio m/pr which is easier to unfold

and has a weak dependence on pr:
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et Jot mass” |57 %

e Jet mass is reconstructed from summing the energy
and pr of calorimeter towers inside of jets

= Wider jets=higher mass, narrower=lower mass
e Ratio m/pr which is easier to unfold
and has a weak dependence on pr: [ ATLAS Preliminary
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* No significant dependence on m/pr
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e No significant dependence on pr and Raa is
consistent with inclusive Raa
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consistent with inclusive Raa

1 « NoO significant dependence on m/pr
-1 ® No significant dependence on pr and Raa is

| o If the medium resolves the jet constituents

medium then energy is incoherent, if not
energy loss is coherent and no structure
modification is expected

— o Decrease in pT from jet quenching

combined with increase from recoil of
medium -> canceling effects?

2F

1.5

1

0.5

Pb+Pb 0-10%

- ATLAS Prellmlnary -

126<pT< 158 GeV

2r

1 "°F 126 <p_<158 GeV

- = = = 1% —————————————
E i ® o o o o °
- 0.5r® 5

m/pT

O 005 041 015 0.2

- ATLAS Preliminary -

[ Pb+Pb 30-40% @

O 005 0414 0.15 0.2
m/p

2t

1 0.5}
. ' Pb+Pb ys,, = 5.02 TeV, 0.49 nb1

1

- Pb+Pb 60-80%
1.5F

ATLAS Preliminary -

GQD-;

o e o _.__.__;___

126<pT<158

pp s = 5.02 TeV, 25 pb”

—

0O 005 01 015 0.2

m/p


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-014/

Jets and charged hadrons
In Xe+Xe collisions?

e Short, low statistics Xe+Xe run in 2017 at the LHC
e Motivation:

= Lighter nuclei (Xe12° vs. Pb208) should have a
smaller underlying event in central collisions

=) Jet quenching expected to be less due to the
reduced medium density and smaller path lengths
in the lower atomic nhumber Xe+Xe collisions

= Showing that there is something interesting in the
low statistics Xe+Xe motivates future runs at
different collisions systems
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> E1FCal Pp vs. Xe

e The FCalEt distributions are partitioned in centrality
bins separately in Pb+Pb and Xe+Xe

e Two different comparisons in analysis:
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2017 pp
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2017 Xe+Xe
2015 Pb+Pb

Similar geometry
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2017 Xe+Xe
2015 Pb+Pb
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Charged hadron Raa

e Compare Xe+Xe and
Pb+Pb at the same centrallty
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o Xe shows less
suppression than Pb

e Consistent pr dependence between the two systems
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Charged hadron Raa

e Compare Xe+Xe and

e Compare Xe+Xe and

Pb+Pb at the same centrality Pb+Pb at the same Z EFCal
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RAA

Charged
hadron Raa
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Charged
hadron Raa

e Compare Xe+Xe and Pb+Pb °3

RAA

as a function of Npart shows a

similar decrease with more

suppression in Xe+Xe at high

Npart and

o Xe+Xe Is consistent with
theoretical calculations

<
<
C

0.3

0.1

~ ATLAS Preliminary pp, 25 pb’

| | | | | | | | | | | | | | | | | | | | | | |
Xe+Xe, 3ub?  Pb+Pb, 0.49 nb™ 7|
Vs=5.02TeV |5, =5.44TeV \s, =5.02TeV

nl<2.5
(extrapol. to 5.44 TeV)

m Xe+Xe, 26 < p.< 30 GeV
o Pb+Pb, 26 < p.< 30 GeV

(O]

i 2
“O....
e Xe+Xe, 6.7< p.< 7.7 GeV - -8
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0_1 L 1 1 | | I | | L1 1 | | [ [N (S [N [ [ [ N [N [N B | | | L 1]
50 100 150 200 250 300 350< N
part
I I I I I I T | I I I I
~ ATLAS Preliminary pp, 25 pb’ Xe+Xe, 3 ub™ N
nl<2.5 5.02 TeV \f =5.44 TeV
< (v_t apol. to 544?’ eV)
— SCET, medium evolution, 0-10% —]
C e Xe+Xe, 0-10% TE
L — ¢ - _]
— — ’ > —
— a ' ® @ T'—' '_:_' o
d — —
— — @
- ° Y Y —
— e
— @ —
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Conclusion

o Wide variety of new results from ATLAS with new
datasets at 5.02 TeV

=) Precision results on jet quenching see suppression
up to a TeV, dijet and y+jet asymmetry, and
modification of jet structure in jet and y+jet systems

= Jet mass and shape measurements
=) New Xe+Xe results

e Era of precision measurements with careful underlying
event subtraction, reduced systematic uncertainties,
and unfolding for detector effects.

= Many measurements compared to theoretical
calculations which can help constrain models

> Looking forward to Pb+Pb data at 5.02 TeV in 2018! _,
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104 T T T T T ] T T T T T T T T ]

truth >

m - OS—ATLAS Simulation Powheg + Pythia8 |
e r O r a n C e \Q | anti-k, R =0.4 jets, lyl <2.8 Pb+Pb data overlay
ng_ 1 02 __‘__._ V?W =502TeV —

* Large uncorrelated rots =,
underlying event (UE) that B e T T
varies with n, ® and event oo~ 1, -
=) Subtracted with iterative °*] *»  eo0% o10-20u

0.97— #20-30% 5-30-40% 4-40-50 %

procedure modulated by | cso-wx we-row crewn
harmonic flow

_E'—' 05 I LI N .
e MC iet bedded w045 zgiv;zgd;:f:;:y s N
~ —-0-10%
) le s are em e e §Q|_ 0.4: W=5'02Te\_/ “5-10-20 % ]
into real Pb+Pb data T 095 ek Ae0djen V<2 T
_ 0.3(% -, Fitslo=—2 @ 2 @c e T
and reconstructed in PR L s
O ey, +60-70%
the same way as data S, O
B N, S0~
= JES is ~1% above 100 GeV  °1 - * " itiiittnsaneyn. ...,
for 0-10% . EEE——

40 60 100 200 400 600 1000

=) JER in 0-10% is ~16% at 100 » Unfolding removes " "
GeV and decreases to ~6%. remaining JES/JER



truth >

T

< p-II:eCO/p

1.15

1.1}

1.05

0.95

0.9

Jet performance: JES

I 11 | 11 | L | L | 11 | L | ] I L | L | 11 | 11 | L | 11
—— 0-10% no flow -=0-10% ~ ATLAS Simulation Preliminary
correction 4-20-30% - Powheg + Pythia 8 inclusive jets
- +40-50% | [ Pb+Pb data overlay |
T O = 60-70% | anti-k, R=0.4 jets, |s,, =202 TeV
] —o— 1 Eo— )
| i | _Q_ i
_ _O_ i _ _O_ _O_ J
| —O— i | _O__
B —O——o [ i
100 < pT”“th <200 GeV
] I I | | I I | | I | | I I | | I I | | I | | ] ] I | | I I | | I I | | I I | | I I | | I I | | ]
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
2 I'Pz _ ¢ tl’UthI 3 IWS _ ¢ truthl
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Effect of unfolding on x;

ZI X_J 4 :l LIL I LILELIL I LILELIL I LILELIL I LILELIL I LILELIL I LILELIL I LI l: :l LIL I LILELIL I LILELIL I LILELIL I LILELIL I LILELIL I LILELIL I LINLIL l: :l LI} I LILELIL I LILELIL I rrria I rrria I rrria I LILELIL I LILIL l:
o F 2011 Pb+Pb data, 0.14 nb™ 0-10% { | =4=Measured 60-80%4 [ ATLAS PP 3
12 35 Fanti-k, R=0.4jets 3 [ (] Unfolded 1 [ 2013 ppdata, 4.0 pb’ E
3 :_‘( SyN = 2.76 TeV 4 E 1 F 3

2.5 F RS 1 F == ——

B —0= _ B _ B _

- 1 == 1 E E :

2 1 F — e § 1 F —— 7

: oo N LEET T ma——

1.5F -¢- EEE - - — 1 F —¢—f=o=] -

- -¢- : -5 1 E g: .

1 —3 ~4-55= 1 F - -

n o= 1 F T+ T 1t -4 :

0.5F — 1 B * 1 E == E

- Lo- 100<p <126 GeV - 1 F = ]

T T F@=r1 v oy o 1y 10 I L1 1 1 I L1 1 1 I L1 1 1 I L1l I-l :I L1 ? |||||||||||||||||||||||||| : :I L1 l rl 1 I L1 11 I |||||||||||||||||||| :

0.3 04 05 06 0.7 08 0.9 1 03 04 05 06 07 08 09 1 0.3 04 05 06 07 08 09 1

Xy Xy Xy

» Moves jets in pp and peripheral to more balanced
configurations and jets in central to both more
balanced and asymmetric configurations at x,~0.5
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X systematlc

>
JES/JER systematics Es 0.09
O
=) JES: rigorous uncertainty 2 008
broken down by source that @ %
is pr, n, and centrality 5 0
dependent s 005
& 0.04
= JER: dominant contribution % (g3
comes from the UE which is 0.02
described well in the MC 0.01

sample (data overlay) 0

ATLAS-CONEF- 2015 016

I|IIII|I I |IIII|IIII|IIII|IIII|IIII|IIII

ATLAS Prellmlnary Uncertalnty components
anti-k, R = 0.4 Hl jets Baseline in situ JES

_ ——— Flavor : inclusive jets
VS*NN =2.76 TeV ——— Cross calibration
O<lpl<03 . Data period

....... Quenching

Total uncertainty
12011 Pb+Pb:0-10 %
1 2011 Pb+Pb : 60 - 80 %

12013 pp

ll|llll|llll|llll|llll|llll|llll|llll|llll

1

W
o

40 50 60 10° 2x10° 3x10?

p, [GeV]

= Evaluated by rebuilding the response matrix with a systematically varied
relationship between the true and reconstructed jet kinematics

» JES is the largest uncertainty in this measurement: 10% at x,~1 and 15% at x,

~0.5 in central collisions

Analysis specific systematics for the combinatoric background and unfolding

= Unfolding systematic can be as large as JES in central at lower x;
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Xy systematics summary

- 100<p < 126GeV  0-10% | [ ATLAS PP
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5:. u anti-k, R =0.4 jets
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=_ == —+— Combinatoric

E - |E

:_ = — 3 4+ :_

e SO e T I s e o e e
04 05 06 07 08 09

04 0

- - —— T
S5 06 07 08 0.9 1

0.4

/8



XJ dlstrlbutlon

centrality dependence
100 < pr1< 126 GeV

Xy in Pb+PDb is more
asymmetric in more
central collisions.
The most probable
configuration for pp
collisions is xy~1.

For central Pb+Pb
collisions it is x;~0.5.

e As Pb+Pb becomes
more peripheral the

xyis like Iin pp.
arXiv:1706.09363

1 dN
N de
.[;

jelne;

100<pT1<126(3ueV 0-10 %
@Pb+Pb
@pp

MTTTTTT T[T T T T TT I T[T T T T T T T T T TT T TTTT [
I l l l l l l {1 I

40 - 60 % ]
== ]
= =S
—— = ]
ﬁm%
lllIlE‘ljllllllllllllIlllllllllllllllllll- :

Sy = 2.76 TeV

F 2011 Pb+Pb data, 0.14 nb"

- 2013 pp da¥y, 4.0 pb”

==

==
==

03 04 05 06 07 08 09 1

X

03 04 05 06 07 08 09 1

Xy
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pr1 dependence

X distribution 0-10% @

e ey @ Significant
F0-10% 100<p_ <126 GeV] [ ATLAS 126 <p_ <158 GeV:

EaiPbaPh " 1 Fantik, R=04jets 1 dependence
| %_Epp [ 1 =§s_ on pri.

= T —= JePb+Pb

st D e © [[FTTEST"== becomes

- B R 1 like pp at

| _. :c100<pT1<126GeV _. + 126<pn<158 GeV high PT1.
A Manasaatasans st e fl e s tans l----.----l----l------Probe of the
_ : 158<pT1<2001 _gﬁ Pi 76bT§;{[a 0_14l:g]1> 200;e§vEE flavor

: 1 [2013 pp dat \4.0 pb™’ : dependence
REER: \ =1 because

s [hmef——— = quark/gluon
- 0 ' 10 = 1 fractions
 liss<p<awcev | G2 pr>2wcev] change with

03 04 05 06 0.7 08 09 1 03 0.4 0.5 06 0.7 08 09 1 pT!

X, 80


https://arxiv.org/abs/1706.09363

RAA

0.5

T T T T T I T T T T T T
ATLAS  anti-k, R =0.4 jets, |5, = 5.02 TeV

G
lyl <2.8 - =10 - 10%
2015 data: Pb+Pb 0.49 nb™, pp 25 pp™! (1120 - 3076
lIIll .<T.AA.> almld Iuminosityluncer.l | %69 '.70.°/Z.

40
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2 L 1 F i — ;

3§@Pb+Pb E f_antl k; R=0.4jets
H$1pp 1t
2.5 g ﬁ — '
oF == 3
- e == 1 F :
1 =4= 4 B
- éEE' 1 F =4=
0.5F = 1 F
- L 1 &
.ll lllllllllllllllllllllllllllll llIl lllllll
>3 4:"I""I""I""I""I""I""I"'_ SARE LA UL U A U U
O | C 1 F -
ik 35F 158 < P < 200 GeV__ __\/ Sy =2.76 TeV P> 200 GeV§
. 1 F2011 Pb+Pb data, 0.14 nb™ ’
3; ¥ 2013 pp data, 4.0 pb”
2.5 4 F
- == ]
2F | =
15E +_+__¢_%
: H L= :
1= -
0.52— E —f

X

lllI 11 lllllllllllllllllllllllllllll :
03 04 05 06 0.7 08 09 1

J

pr1 dependence
0-10% ©

¢ |s the strong pr

dependence of the
differential jet
measurement xyis in
contrast with the
weak dependence in
the inclusive jet
measurement Raa?

=) Dijets measure
relative jet
energy loss
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Zx_’ 4_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
°° . 79<p_ <100 GeV 0-10%] [ ATLAS 10 - 20 %

1—‘2 3.5 1

: 1 [ anti-k;, R =0.3 jets
— X 3[ [¢/Pb+Pb 1
— = - ®pp i

Centrality dependence of #E%Eﬁ —

Pb+Pb compared to pp

dijets for 79<pri<100 GeV. .= :
e Same analysis for R=0.3 ’:32 B

jets since effects of the

JER and the background .. — —
are much less g HEE@: B

¢ R=0-3 jets correspond to %\{ST 4;"'|""|""I""I""I""‘L(')'_"(SIO'L/"é ;"'I"'='|2"7'é|_|l'{/'|""I""é(')'_'élo"o/";
R=0-4 jetS at d Iarger 3 ] 5_20?; Pb+Pb data, 0.14 nb"* ;
energy due to the smaller :

1 [ 2013 pp data, 4.0 pb™!

jet cone so the R=0.3 are —— st
shifted to one bin lower in @E?EE @fﬁ

leading jet pr.
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R=0.3 Xy pr1 dependence

Pb+Pb 0-10% centrality compared to pp dijets.
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Effect of unfolding

ATLAS Preliminary
5.02 TeV

RRRBRALN LARN RARN AL RAREE
3 63_6O<pYr<8O GeV
- B3 0-10% Pb+Pb, 0.49 nb”

- —=— pp, 26 pb’
1.2F

0.8E

(1/N,)(dN/dx )

0.4}

0 1 Xy,

- = Pb+Pb
- [_] PyTHIA 8 + Data Overlay | ,

ATLAS Preliminary
pp 5.02 TeV, 25 pb™
Pb+Pb, 0.49 nb

pYr = 63.1-79.6 GeV
f«] pp (same each panel)

0-10%

02040608 1 1.21.41.6 1.8

X

Jy

e pp moves jets the sharp peak at xyy ~ 1

e Central Pb+Pb depletes peak at 1 and moves jets to a
rise around xyy ~ 0.5
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1 dN
Ndx

MC/Data

OO0 =
DO NA O

XJ pp data to MC comparison

: ®|2013 pp data, 4.0 pb”

| ® PytHA 6

" ¢ Pythia 8

|+ Herwig++

% Powheg+Pythia 8

A TLAS

100<p <126 GeV -
antlk R O4Jets

| Sy =2.76 TeV -
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Xy 3rd jet

e See less nearby jets in more central collisions.

PLB 751 (2015) 376

S [amas’ Farias FAmas -
o) " Pb+Pb 2011 I [ 0-10% ]
1.51 VSp= 2.76 TeV r 1 =10-20% ]
- L,,=0.14 b 1[ 4-20-40% '
L - =4 '+'— = 1t ]
R A ey It It *#‘*:‘: * :
o5l == ki I ]
s anti-k, d=0.4 1t anti-k, d=0.4 - anti-k, d=0.4 .
" E™>30 GeV 0.8<AR<1.6 il E ' 45 GeV  0.8<AR<1.6 j i E > 60 GeV 0.8<AR<1.6 ]
L L L | L L 1 1 1
=06 100 200 300 70 100 200 300 70 100 200 300
EEI_eSt [GeV] test [GeV] teSt [GeV]

e Tested this by unfolding with a new response that

takes into account the contribution to the 3rd jet with

a weighting applied to match the 3rd jet distribution

In data

m» Deviations from the result was well within the

systematics of the measurement
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Jet energy resolution

Efficiency
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o
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0.8
0.7
0.6

Y jet JER

é_ ATLAS Simulation Prellmlnary_
- 5.02 TeV, y+jet =
- | pYr>60 GeV, |n*®'| < 2.1 -
- —~+— 0-10% Pb+Pb =
—4— =
3 —— 30-50% Pb+Pb =
g — ¢ —e— pp g
e e T, E
— @ ]
- _:_—:— L -
— T el
= -
e+
——_ L |
¢ |
+ —

30 100 ijet (GeV] 300
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Y-jet background subtraction

e Two contributions to the background:

e Combinatoric: estimated by embedding PYTHIAS
photo+jet events into real Pb+Pb data

e Dijet: per-photon distributions subtracted using non-
tight photons, after scaling by the photon purity

N - I I I
L o.4sf 60 < p! <80 GeV 80 < p! <100 GeV (100 < p! <150 GeV
& %% = ATLAS - 4  Pb+Pb502TeV{[ 4 -—= Rawdat
0.35F . [ 1[
§ 0at Preliminary - 0.49 nb™ 1F — Background ]
o 0_2.55 : 0-10% 1t —e— Corrected data 1
= oz * I
Z 015 4l * iF WL+
: + 1
0. ey | iasada™ _
0.05t oz 1 :'::"-.t' ]
ot ! : :"!g._._._. ! — =
0 50 100 150 0 50 100 150
py [GeV. py [GeV.

» Combinatoric important at low pr, dijet at high pr 88



Y-jet systematic uncertainties

o Jets:

JES is 5% at low prand decreases with pr
Cross calibration: 1% addition JES uncertainty
JER is evaluated by increasing the resolutions measured in pp by a few percent

Uncertainty on flavor composition and different in flavor response is 2% at low
prand decreases with pr

Addition JES uncertainty in Pb+Pb that is 1% for pr> 50 GeV and up to 5-10%
above 50 GeV from comparing charged-particle jets to calorimeter jets, studying
the response of simulated quenched jets, and residual non-closure of simulated
jets at low pr

e Photons:

Photon purities adjusted by their statistical uncertainties

Photon isolation cut increased by 2 GeV in both pp and Pb+Pb, which increases
efficiency and lowers purity

Non-tight selection varied
Photon energy uncertainties evaluated in pp which are less than 1%

Assumption that the distribution of background photons factorizes 5



Normalised entries

ATLAS-

NF-2016-110

Y-jet angular correlations

* No evidence for large modifications of angular
distributions in Pb+Pb compared to pp collisions
for photon+jet.

O
W
o

O
—r
=)

O
=)
a1

0.01

||||
' 8 <pl’r<1OOGeV

—e— 0-10% Pb+Pb, 0.49 nb™
—=— pp, 26 pb”

PYTHIA 8 +
Data Overlay

’

{

L

iﬂ}-{tf 5.02 TeV

||| ||||||II|III
'100<p§’r<150 GeV

{t ATLAS Preliminary
/oJ'Tet > 50 GeV

n/f

ol
3n/4

Ap TTT/2
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Haa systematic uncertainties

- Jet energy scale

= Standard pp JES components + 5 TeV flavor and HI cross-
calibration (following ATL-CONF-2015-016)

= HI specific uncertainty due to jet quenching (estimated using
studies of the ratio of calo-jet to track-jet pr)

- Jet energy resolution

= Standard pp component
= Established HI component
- Luminosity

- Nuclear thickness function

- Unfolding

= By comparing to results unfolded using the response matrix
without the reweighting
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pp cross-section uncertainty [%]

Haa Systematics summary

> uncertainties > uncertainties » uncertainties
on the pp on Pb+Pb on Raa
cross section yields

20

_oqt

- ATLAS Simulation Preliminary ] < 20;'ATLAs Simulation Preliminary S 15;'ATLAs Simulation Preliminary
15F - 2 15k - =2 [ .
- . = n ] £ 10+ =
s - g - . 8 i ]
10:— /\_ g 10~ = g i ]
C . c = 7 c 5r -
o _— 5 M - ]
5 ] % 5: _,J/: 3} — ]
OF i 3 of . o %é .
- . G_>J* 03 . OZ -
5 & 5 N g ~
— : & f \ 5r ]
10 yl<2.8 E O -10F lyl <2.8,0-10% = [ lyl <2.8,0-10%
- —JER - - —JER . 10l —JER E
15 ~JES E -15F i Es E I “HidEs
| I—UnfoI(I:hng ] E| — Unfolding . :l — Unfolding i
100 200 300 1000 2800 200 300 1000 1800 200 300 1000
p. [GeV] p. [GeV] p. [GeV]
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RAA

Haa VS. Npart

_I | I | | I D | | L | | I D | I D | | | | L | 1T I_
14 —Pp_= 100-125 GeV ATLAS Internal —
- lyl<2.1 anti-k, R=0.4, \'s,=5.02 TeV -
1.2 2015 pp data, 24.7 pb" —
- 2015 Pb+Pb data, 0.49 nb™ -
Uy —
O N
0.8 —
0.6 —
0.4 —
0.2 —
O : I I | I I | ] 1 1 1 | I I | I I | I I | ] 1 1 1 | I I :

0 50 100 150 200 250 300 350 400
Npart

® Raa decreases with Npart
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Jet fragmentatlon pp and p+Pb

| | L III | | | I 1T 1T 11 | I 1T 1T 11 | I 1T 111
N 108 ATLAS i ATLAS —
Q [ N pp, \s =5.02 TeV, 26 pb' 1l p+Pb, \ s, =5.02 TeV, 28 nb™ y
6 s o
— ¢ — ¢ 0-90% —
N IN . 1L ¢ 5 _
106_ ¢ - |- ¢ —
= ’ - = v ’ -
v
| v ¢ = v ¢ —
n ¥ v 4 L ¥ A 4 -
v s . v v ¢
al_ | A 4 . —
10 B u ] 4 - = " | V n
M ¢ N
u N O v L A O v \
_ A . A | _ v 4} A A A | _ v -
10°|- o 1 o -
L (] ® A - v' B ® ) A [ | v-
B ° A 1L ° A |
- ly* 1<1.6 ® 4 | ly* 1<1.6 o -
yiet o 4+ " yjet o 4 m
1_ - - jet 5 i
- o 1F ¢ 21O<pT <260 GeV (x 10°) —
N | L 160 <p’' <210 GeV (x 10%) -
- o[ v 11O<pjTet<16OGeV(x103) o
10 1L ™ 80<p¥<110GeV (x 107 —
_ arXiv:1706.02859 L 4 60<p7<80GeV(x10) _
- 1F e 45<p’Te‘<6OGeV(x1o°) -
10—4 II | | | L1 11 II | | | L1 111 II | | | L1 11 II | | | L1 111
1072 107" 1 1072 10" 1

*Rationeededto p _ D@w ) 1 dNen
see modification. =~ D(2), N, dz
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Jet fragmentatlon pp and p+Pb

| L III | | | I 1T 1T 11 | I 1T 1T 11 | I 1T 111
| ATLAS i ATLAS _
N10°} - 1t 4T
Q . pp, \s =5.02 TeV, 26 pb’ . p+Pb, \/sNN=5.ozTev, 28 nb

u M JE AN 0-90% _
N o 1L ¢ _

¢ ¢
106_ ¢ = ¢ —_
- ’ - = v ’ -

v
| v ¢ i v ¢ _
B A— 1L A _
v . v o

4l [ ] v . u ¥ —
10°F R = v -

| |
N N m A m v \
i A . A N - LY :
10— ° A ° —
| o ° ® ® A [ | v-
- ® [ A _
- ly* 1<1.6 ly* 1<1.6 o -
yjet yjet ° A [ |
1= ¢ 210<p <260 GeV (x 10°) o 7
B 160<pf‘<21OGeV(x1o4) A_
- v 11O<pjTet<16OGeV(x103) o
10 m 80<pjTet<110GeV(x1 —
| arXiv:1706.02859 A 60<p<80GeY _
- ® 45<p® <6086V (x10°) -
10—4 II | | | L 11 III | | | | L1 111
1072 107 107 1

e Ratio needed to D(z) = 1 dNch

see modification. N, dz
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1.4 »
[ 45<p‘T <60 GeV

1.9}

R D(z)

0.8f

0.6}

'_;4TII.AISI | ly "o 1< 6

- ATLAS
[ 60<p’Tet<BOGeV

p+Pb \sy =5.02TeV, 28 nb™, 0-90%

- ATLAS
[ 80<p’ft<11oeev

- pp, Vs = 502TIeV 25 pb™ |
10 p | ”'”1'0-1 - 1 ”1'0-1 " 1
b4 b4 b4
1.4'_ATLIAS' ""”'ly*jet'|<1.é'"':-_ATL'AS'_"""' ""'_--_ATL'AS'_"""' I
N [ 110 < p’' <160 GeV 1[ 160<p’ <210 Gev ][ 210<p* <260 GeV ]
o 1.2 1E [

[ arXiv:1706.02859

0.6F

[ pp, \s =

p+Pb \Syy = 5:02 TeV, 28 nb™, 0-90%
5.02 TeV, 25 pb™
1 1 1 1 Ll II

1072 107"

Z

1072

107" 1072 10~ 1
Z Z

= No significant modification of jet structure in p+Pb.
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Systematic uncertainties
on p+Pb Rpy

- Jet energy scale
- Jet energy resolution
- Unfolding

- Track reconstruction

- MC non-closure

| | | | | | | | | | | | |
- ATLAS p+Pb, \s\= 5.02 TeV, 28 nb'"
~ .¥-JER pp, \s=5.02 TeV, 25 pb'1—0—
-4 - Unfolding H
— MC non-closure -
B Tracking — o
[ —e— Total — ]
: ® ® ® _’__._.-.-.-.-...-.-.-. -------------- v---]
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p+Pb Rppor In jet pr bins

* New pp reference at same center of mass energy

1.4F - ATLAS Cyt.<16 ] [ ATLAS 1 [ ATLAS
o " 45< p"*' <60 GeV 1 [ 60< p*'<80Gev 1 [ 80< p*<110 GeV
E B T i i T i i T
C 1.20 4 E 10
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0.8f

p+Pb IS\ =5.02TeV,28nb", 0-90% 1 | :
_—pp Vs =5.02 TeV, 25 pb™ 1 -
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- ATLAS  ly*. <16 1 [ATLAS ' {taras
—~ 14 | o | |
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12 1F s
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081 1F I— -Z
- 1 [ Pp+Pb, yspy =5.02 TeV, 28 nb™, 0-90% ; ;
0.6 - _-pp \s = 5.02 TeV, 25 pb’’ - »
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=» No modification of jet structure in p+Pb.
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Tracking Efficiency
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Systematic uncertainties
on Pb+Pb Rb(2)
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